echocardiographic right ventricular wall thickness has been obtained from the left parasternum or through the sternum in the pediatric patient .35) When unable to record technically acceptable right ventricular epicardial and endocardial motion at the left sternal border, we have found this motion to be readily accessible for recording from the right parasternum.
We present our examination technique and observations concerning the thickness and mobility characteristics of the right ventricular wall when recorded along the right sternal border.
MEODS
Patient selection: Twenty-seven patients were selected for this series based upon the availability of technically satisfactory right ventricular wall echocardiograms from the right sternal border. In the first 17 patients, this type of examination was deliberately initiated for comparative studies of right ventricular wall thickness and motion from both right and left sternal borders. In the last 10 patients, it was necessary to use the right sternal border as an examination site due to rightward cardiac rotation and/or displacement.
Patient age ranged from 24 hours to 12 years. Six children were without clinical evidence of cardiovascular disease. Twenty-one patients had congenital heart disease, 13 of whom were referred for cardiac catheterization within 48 hours after echographic examination.
Instrumentation:
Echocardiograms were recorded with a Smith-Kline Ekoline 20A ultrasonoscope interfaced with a Honeywell 1856A ultraviolet visicorder. Patients under the age of 3 years were examined with an Aerotech 5.0 megaHertz (MHz), 0.25 inch, nonfocused transducer. The ultrasonoscope was switched to 3-6MHz to match the frequency response of the transducer being used. For older children, a 0.25 inch, 3.25MHz (nonfocused) or 2.25MHz transducer (medium focus) was utilized. The ultrasonoscope was set at 1-3MHz to match these lower frequency transducers.
Examinations of most infants were performed without the use of depth compensation (time-gain-compensation).
Infants with dilated right ventricles, and children above the age of 2 years with more developed right ventricular cavities allowed use of depth compensation. Signals returned from the chest wall and right ventricular wall could thus be amplified or suppressed without altering the amplification of echographic signals returned from the atrioventricular valves and interventricular septum.
Measurement of wall thickness was facilitated when the tracing was expanded; however, overexpansion resulted in some undesirable loss of signal resolution. Paper recording speed varied from 25mm/sec to 100mm/sec. Optimal recording speed was 50mm/sec. the right sternal border from recumbent infants or very young children. Older children, usually exceeding 3 years of age, were more easily examined when the heart was rotated toward the right sternum. This was accomplished by turning the patient toward a partial or steep right lateral decubitus position. A piow tucked behind the child's back aided patient comfort and stability. The subxiphoid approach6) was either not attempted or was unsuccessful in these children. The transducer was located along the right sternal border and was directed medially toward the tricuspid valve or mitral valve with a minimum of supeor or inferior angulation. In each patient, the right ventricular wall was examined from several right intercostal spaces to locate maximum systolic amplitude and minimal wall thickness7) (Fig. 1) . Frequently, there was a slight systolic separation of the epicardium from the inner chest wall. This separation between a stationary structure (chest wall) and a dynamic structure (anterior right ventricular wall) was not considered representative of anterior pericardial effusion in the absence of other clinical or echocardiographic findings.8) In fact, this slight separation assisted in the identification of the epicardial surface of the right ventricular wall from the inner chest wall.
Right ventricular wall measunt: Diastolic right ventricular wall thickness was measured from the top of the epicardial echo to the top of the endocardial echo at the onset of the electrocardiographic "Q" wave; or at the onset of the QRS when a definite "Q" was not available (Fig. 2) .
Right ventricular wall thickness was measured from the original tracings on 2 separate occasions. The first measurement was an estimation of wall thickss as compared to electronically recorded calibration points. Several months later, the wall thickness was calculated by re-measuring the distance between the epicardial and endocardial interfaces with very fine-pointed calipers. Measurets were read on a surgical ruler to the nearest 0.25mm. This measurement was then divided by the distance between 2 calibration points read to the nearest 0.25 mm on the same ruler. For each patient, 4 or 5 sequential measurements were obtained and averaged. The averaged wall thickness measurement was accepted as representative of the anterior right ventricular wall thickness. This data is presented in Table I .
To test the reproducibility of the measurement method, the right ventricular wall thickness of 7 patients (Table I: A) was recalculated from the origal tracings several months after the initial, calculated measurements were obtained. Comparison of differences between 68 individual measurements of wall thickns on 2 separate trials ranged from 0.0-0.8mm with a mean difference of 0.26mm (Table II) . All measurements in this study were performed by the same obseer (the author).
OBSERONS Right ventricular wall thickness:
Epicardial and endocardial interfaces could be recorded from both right and left sternal border in 7 patients (Table I: A) . In each case, the right ventricular wall thickness was slightly less at the left sternal border (Fig. 3) . The range of differences between averaged, calculated measurements of wall thickness at the right and left sternal borders was 0.1-0.6mm with a mean difference of 0.26mm.
In 10 patients, the epicardial interface was not evident at the left sternal border, but was clearly demarcated along the right sternal border (Table I: B) . In these 10 cases, the right ventricular wall thickness at the left sternal border was estimated by measuring from the inner chest wall to the endocadial interface. In every case, the wall thickness was significantly underestimated when compared to right ventricular wall thickness obtained along the right sternal border (Fig. 4) . The difference between averaged, calculated wall thickness at the right and left sternal borders ranged from 0.2 to 2.6mm with a mean difference of 1.3mm.
Epicardial and endocardial interfaces could not be recorded at the left sternal border nor through the sternum in 10 children regardless of transducer or patient position (Table I : C). The right sternal border was utilized successfully as an examination site. These 10 children, 8 with cardiovascular abnormalities affecting the right heart, emphasized the need for an alternative method for right ventricular wall examination. Systolic wall excursion: Right ventricular endocardial interfaces were identified at both right and left sternal borders in 17/27 patients (Table I: A, B) . Thus, right ventricular wall systolic excursion from both examination sites could be compared. Excursion was defined as the perpendicular displacement of the right ventricular wall away from the chest wall during systole. The onset of posterior displacement was measured at the onset of the electrocardiographic "Q" wave; or at the onset of the QRS when the "Q" was absent. The termination of posterior displacement was identified from (1) the end of ventricular repolarization on the electrocardiogram; (2) the onset of the second heart sound; and/or (3) the maximum posterior displacement of the right ventricular wall.
With the exception of 4 patients (Cases 1, 4, 5, 8), the systolic excursion of the right ventricular wall was greater when recorded at the right sternal border. Three of the 4 patients with greater wall excurision at the left sternal Jap. Heart J. May, 1979 border had significant right ventricular volume overloads . One patient (Case 1), did not have cardiovascular disease. The excursion was only slightly greater at the left sternal. border.
Autopsy confirman: A 35-day-old infant was examined with echocardiography following an episode of "blueness" during feeding (Table I , Case 3). No further episodes of "blueness" occurred during the patient's hospitalization and he was discharged. At the age of 49 days, the patient expired at home .
Necropsy examination was essentially unremarkable. The thoracic organs were preserved in 10% formalin for 18 days prior to wall measurement. A pathologist, having no knowledge of the echocardiographic results, measured the anterior right ventricular wall thickness at the most proximal aspect of the right ventricular infundibulum. In addition, the lateral right ventricular wall was measured at the level of the tricuspid valve. Excluding trabeculations, the right ventricular wall thickness measured 2.0mm at both anatomic locations. Prior to death, the echographic wall thickness measured 3.0mm at the right sternal border and 2.4mm at the left sternal border. The discrepancy between the echographic and autopsy measurements could have been due to lack of myocardial perfusion and to cellular dehydration.
The second child expired 13 days after repair of a complete endocardial cushion defect (Table I , Case 5). Necropsy examination of the fresh heart disclosed an anterior wall thickness of 6.0mm at the most proximal aspect of the right ventricular infundibulum. This measurement was comparable to the echographic thickness obtained before and after surgical intervention. The lateral right ventricular wall thickness measured 13mm at necropsy. Trabeculations were excluded from all measurements. Wall thickness of this magnitude was never recorded at either sternal border before or following surgery.
CONT Historical data3)-5),9)-12) suggests that normal right ventricular wall thickness ranges from 2.0 to 5.0mm, averaging 3.0mm. Ages ranged from 1 month to adolescenece. In our study, we found 6 normal individuals demonstrating right ventricular wall thickness ranging from 2.3 to 4.4mm. Ages ranged from 72 hours to 11 years (Table I , Cases 1-3, 9, 24, 27). In 2 of these children, echographic right ventricular wall thickness was achieved only at the right sternal border (Table I 
